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RBSTRACT

This report presents a unique design of a core drilling

mechanism which could be used on the Moon to collect rock cores

to depths of 100 feet below the surface. The design is

necessarily unique due to the fact that the Moon has virtually

no atmosphere and only one-sixth the gravity of earth. These

adverse conditions require certain important concepts to be

included in the design. The MOSt notable of these concepts

are:

i. The complete use of hydraulic power to operate the

device;

2. The use of Teflon beads to cool the bit and remove the

chips;

3. The use of extensive automation to reduce the

dexterity requirements of the astronauts.

In addition, the actual drilling force will be transmitted by a

robot arm that functions Much like a backhoe. Thus, with a

bucket or digging attachment it would be possible to use the

arm in two ways: either as a core drilling Mechanism or as a

lunar excavator. The Major topics discussed in this report

include the following:

i. _rm design;

2. Drill motor, drill string, core barrel and bit, core

retriever, and footplate;

3, Pumping system for cooling and chip removal;

4. Hydraulic power system and electrical controls.
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PROBLEM STATEMENT

Basic Sialemeni: The problem is to design a core drill for

use on the moon wiich can be operated by astronauts efficiently

and will reliably obtain intact core samples from depths of 10@

feet. Ideally, the core drill is to be capable of pivoting 18@

degrees in a horizontal plane and coring a hole al any angle

wilhin the range of -gO. to 90. degrees woth respect to

vertical.

Backround: Core drilling is frequently done on earth to aid

in evaluating the underground geological properties of sites

being considered for construction or mining purposes.

Analyzation of the core can provide the geologist with much

important information concerning the formation of the

underground rock, the strength, and the compostlon--all fo

which aides the engineer in deciding how best ot use a

particular site. Thus, core drilling is common, and, having

been practiced for many years, is technologically sound on

earth.

However, it is not feasible to handle core drilling on the moon

in exactly the same manner a_ it is handled on earth. The fact

that the moon has virtulally no atmosphere and only one-sixth

the gravity of earth gives rise to two basic difficulties

concerning lunar core drillin_ which are unaccounted for in
earth core drilling technology. These two basic difficulties

are as follows:

l . Lubricalion: Water or mud is used as a lubricant and

chip remover for core drills on earth. However,

because the Moon has no atmosphere, water evaporates

rapidly and thus cannot be used as a lubricant. A

nonvaporizing lubricant, possibly solid Teflon beads,

is necessary in a lunar design.

, Automalion: On earth, much of the work involved in

core drilling requires an average amount of Manual

labor and physical dexterity. On the moon, however,

the physical dexterity of astronauts is limited due to

the bulky space suits and the low level of lunar

gravity. Thus, a lunar core drill needs to be highly

automated in order to be operated efficiently by the

"handicapped" astronauts.

One other major difficulty concerns the range of molion

required for this particular lunar core drill design. Core

drills on earth are not made to function similar to backhoes

and are not mormally designed to meet {he angular requirements



of this particular lunar design. Therefore, the decision to

design the drilling mechanism similar to a backhoe linkage

represents a step into delicate and untested technology.

6side for the three major difficulties discussed above, the

lunar core drill wilt be able to function in much the same was

as an earth core drill. 8n abundance of information is

available on the subject of earth core drilling and several

large companies produce core drilling equipment which they

offer commercially. Many of these commercially available

assemblies, such as the drill motor, drill string, drill bit,

core barrel, core retrieval mechanism, and breakout tool can be

used effectively in a lunar design without difficult
modifications.

Performance Objectives and Constraints: The following

performance objectives and constraints for the core drilling

mechanism served as guidelines during the design process. Many

of the objectives and constraints remained unchanged throughout

the course of the design period; however, slight modifications

were made, and these modificatons are noted below in

parentheses.

A. Transmission of Orllllng Force:

i. Transmission device to be a robotic arm, similar to a

backhoe;

2. Arm to have a S' to 6' linear stroke;

3. 8rm to be capable of linear stroke at angles ranging

from -90. to 90. with respect to vertical. (objective

later changed to include only angles form -4S. to 45.

with respect to vertical;

4. Base of main arm to be connected to tractor by way of a

single pivot which is to rotate IB@. in a horizontal

plane;

5. Arm to be hydraulically operated;

6. Maximum force transmitted to be 2 80@8 lbf in hole.

B. Drill Motor:

I. Motor to be hydraulically operated and reversible;

2. Motor to be variable speed, capable of 120@ rpm.

C. Drill String: [_
i. Total string to read I@@ feet;

2. String to accept wireline overshot for core retrieval.

O. Core Barrel and Bit:

I. Barrel to hold 5' core;

2. Core barrel keep core separated from lubrication fluid

in hole;

3, Core barrel to accept wireline overshot for core

retrieval ;

4. Diamond drill bit to be capable of cutting continuously

through at least I@@ ft of very hard basalt.

3
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Core Retriever:

I. Wireline overshot to be retractable_

2, Wireline overshot to be of such a design that it can be

forced down hole if necessary;

3. Wireline overshot to retrieve 5' core intact;

4. Winch to be used in raising and lowering overshot;

S, Winch to be hydraulically powered,

Foot Plate:

i. Foot plate to clamp and hold string in hole while new

string sector is readied for assembly.

2. Foot plate to be used as a "break out" tool when

necessary;

3. Foot plate to be capable of Making angles ranging from

-90. to £0. with respect to vertical. (Objective later

changed to include only angles from -45. to 45. with

respect to vertical.)

Lubrication and Pumping System:

I. Lubricant to be nonvolitale in absence of atmosphere;

2. Lubricant to be capable of both cooling drill bit and

removing chips;

3. Lubricant to be separated from chips;

4. Lubricant to be reused continuously in closed loop;

S. Pump to be hydraulically powered.

Hydraulic Power System end Eleclrical Controls:

1. Hydraulic system to operate at or below 2500 psi and 25

gpm;

2. Electrical controls to operate at or below 24 VDC and 70

amps;

3. Control valves to precisely regulate hydraulic fluid

flow to linear actuators on robot arm.

4 ORIGINAL PAGE rS
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DETAILED DESCRIPTION

Arm Design: Oelermining a kinematically feasible

configuration for the robot arm was a difficult task. Several

different designs were evaluated before a satisfactory solution

was found. In order to make the arm functional, it was

necessary to reduce its angular range of motion. The final

design, then, consists of a 3-bar, hydraulically operated

backhoe type arm which is capable of swinging 180. in a

horizontal plane, but, compromisingly, can produce a six foot

linear stroke at reduced angles ranging only from -45. to 45.

with respect to verlical. The maximum drilling force which can

be exerted by the design is 8000 lbf.

The reduced angular range of the design reflects the

modification made to an original performance objective which

had required the mechanism to produce linear strokes at angles

ranging from -90. to 90. The reduction in angular range, from

-90. to 90. to -45. to 45., was made because of two important

reasons: 1.) the commercially available break out tool

selected for use in the design will not accomodate holes

drilled at angles ranging form more thai -45. to 45. with

respect to vertical, and 2. ) hydraulic cylinders with the

required bore and stroke dimensions necessary for reliable use

in a design which would satisfy the original angle performance

objective are not commercially available.

Specific information concerning the final arm design is as

follows:

Dimensions, Forces, Moments, and Angular Range

of Final Arm Design

(See drawings no. 101-121 in Appendix)

Effective link lengths of drilling Mechanism:

/_rm Effective Link Length

Boom arm ................... 8 ft.

Middle arm ..................... 4 ft.

Drill arm ................... 2 ft.

5
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Maximum Joint Moments created by the 8000 ibf drilling Force

and the required hydraulic Forces necessary to balance such

MOMeRt5:

Joint Max. Moments Hyd. Bat. Force Req.

BOOM joint

Middle joint

Drill joint

63,030 ft.tbf

6,874 ?t.lbf

8,000 ft.lbf

64,700 ibf

7,270 Ibf

2,110 Ibf

Quantity, bore size, stroke length,

hydraulic cylinders deterMined using a

l.S):

and Force capacties of

factor of safety of

Cylinders* Quantity Bore Size Stroke Length Total Force

Boom arm 2 S" 40"

Mid. arm I 3" 40"

Orl. arm i 2" 20"

*note: 811 cylinders are double-acting.

98,000 ibf

17,_58 ibf

7,850 lbf

The robot arM will be capable of drilling a 45. hole inward

(toward) the tractor at a distance of 3' from the base of the

boom arm. It wtl be capable of drilling a 45. hole outward

(away from) the tractor at a distance of 12 1/2' from the base

of the boom arm. Other angles within the 90. range (4S.

inward, 45. outward) may be drilled at spots between 3' and 12

112' from the base.

8uxiliary Arm

(See Drawing no. lOO in Appendix)

8 separately con_rollable auxiliary arm is designed to work in

conjunction with the main arm outlined above. The auxiliary

arm's function is to aide in the automatic assembly and

disassembly of string sections. The auxiliary arm is attached

to the middle link of the main arm and is designed with a

hydraulically operated clamp on its free end. During the

assembly and disassembly of the drill string, the auxiliary arm

will be used to carry each successive section to or from a core

tube rack and hold it firmly in place to be screwed or

unscrewed from the drill head. The auxiliary arm is considered

necessary to reduce the physical demands on the astronauts.



Dimensions and Hydraulic Cylinder Requirements
of Auxiliary Arm:

Effective Link Lengths of 6uxillary 6rm:

6rm: Effective Link Length:

8rm #i ft.

8rm #2 ft.

Quantity, bore size, stroke length, and force capacities of

cylinders:

Cylinders* Quantity Bore Size Stroke Length Total Force

8rM _l 1 2" 12" 7,854 lbf

8rm #2 l 2" 1@" 7,854 lbf

*note: A11 cylinders are double acting.

The boom arm is designed to be attached to the tractor by means

of a swing pivot assembly. The swing pivot assembly is to be

attached to the tractor by means of a vertical plate and is to

be capable of rotating through an angle of 180. in a horizontal

plane. When connected to the swing pivot mechanism, the base

of the boom arm is to be 3' above the ground.

Genera[ Comments: The final arm design was determined after

much graphical evaluation of several possible _olutions.

Various constraints were used am different times to simplify

the decision making processes involved. Contralnts that were

considered were: l.) requiring that it be possible to drill

the full range of angles at a single spot, 2.) requiring the

middle joint of the arm to start from the same point for all

possible linear strokes, 3.) requiring all drilled holes to be

as close as possible to the base of the boom arm (to reduce

movements), 4.) restricting the angular movement of each of the

linkages of the arm (tO reduce hydraulic cylinder stroke

requirements). Not all of the constaints lead to a feasible

solution for the design of the arm. In the end, the constraint

which seemed the most practical was the one which limited the

angular ranges of motion of the linkages. With this constrain

in mind, the final design (as it now stands) was developed.
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Drill String Assembly: The drill strirlg assembly consists of 6

major parts: the drill head, the sub, the drill rods, the ream:Lr, g

shell, the core barrel assembly and the bit.

The drill head assembly c,",rlverts hydraulic pc,wet into rota-

tional ri1otion to turrl the drill rods and bit. A Lc,ngyear Hydra-

Core 28 drill head is attached to the manipl.tlator arm. It is

hydraulically powered (2500 psi, 25 gpm) and comes with a 4 speed

(irlcluding reverse) trarlsmission that provides a bit speed range

of 0 to 1250 rpm. The turning pin is size BQ; therefore, a BQ to

NQ sub is necessary. The drill haed assembly als,-, cc,ntairls a
swivel for lubrication flow.

A series 6 RED impregnated diamond bit is used. The bit

selected is recommer, ded for Inard rc°ck formations when using a

hydrostatically powered drill head. Recorilmer, ded bit speed, down

hole pressure, and per, etration rate are 100-1200 _"pm, 6000-8000

Ibf, and 3-4 ir_ches per minute, respectively. The bit cc,nr_ects to,

a reaming shell with a circumferential diamorld impregrlated flange
which cuts a clearance fc°r the core barrel. The core barre] is

o-,nnected to the reaming shell and the drill rc,ds.

Foc, t Plate Assembly: The foc0t plate assembly lies over the drill

hole on the me,on surface. Its three majc, r functinrls are:

i. Stabilizing and aligning the drill rods.

2. Chucking the break-out drill rod when remc°vir, g strirlg

pieces for dissembly or bit change.

3. Directing lubricar, t flc, w fr,-,m tlne hole.

The first two of these are cc,ntrolled by a pre-torque and break-

,.-.,,itt,-,ol. It contains two sets of hydraulically actuated .jaws

that grip and rc,tate the drill rods. Lubricatior, fl,-,ws through a

sleeve assembly. This assembly is a 2 fc,c,t NW size casing

attached to a side feed discharge swivel.

The footplate is a 4 foc, t by 4 fc°ot by 1 inch plate of 2024

alur,lir,ur,1 with a 6 inch by 24 inch clearance hole. A 35 ir,ch Ic,r,g,

9 inch ali.mlir_um chanrlel is welded orl each side of the clearance

hole. The pre-torque and break-out tool is bolted to the top of

the channels to allow for positioning c,f the swivel assembly. The

swivel assembly is bolted to the b,-,ttom of the foot clamp c,f the

break-out tool by the swivel attachmerlt pieces which are welded

to the side discharge swivel.

This corlfiguratior, is only appropriate fc,r h,-,les up to 45

degrees from vertical.

Core Retrieval: Since cc,re samples may have to be retrieved fr',-m_

an angle, a pump-in type system will be utilized. This system

consists of an overshot, side feed water swivel, a wireline

stuffing box, and a hydraulic wirlch. The sub and head are remc, ved

frc, m the rod and ar, Acker pump-ir, type "A" wire line overshot :is

inserted irlto the drill rc,d.
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An Acker Side Feed water swivel is then attached to the
drill rod. The swivel is preattached to a Mathey wire line
stuffing box. The r,versh,-,t cable runs thr,z, ugh the stuffing bc,x to
a PullMaster PL-2 plar, etary hydraulic wincln. This winch was
choser, because it is tc, tally enclosed, and the heat generated by
the disc brake is dissipated by the hydraulic fluid of its rnc,tor.

Once the swivel is cor, r,ected to the dr'ill rod, purnpir, g is
resur,led and the overshc, t moves down the drill string until it
locks into the core barrel inner tube. Purnpir, g is stc, pped, and
the core is elevated by the winch. The swivel is discc, r,nected
fr,:,rn the drill r,=,d, and the ,-,vershot and corebarrel are rerm:,ved
frc, r,1the drill rc,d.

Punlpir, q system for coc, l ir,q ar,d chip removal : Ir, desigr, ir,g a

lubricatior, syster,1 f,-,r a lur, ar core drillir, g apparatus, several

factc, rs had to be cc,r,sidered. Two of these are the Ic,w pressure

atnlosphere arld the extreme ter,lperature variatior, s. Or, earth,

water is the popular cc,olar, t and means of extractir, g the shavir, gs

frc, r,1the bottc, r,1of tlne hole. The water is pumped dc,wr, the cer, ter

c,f the strir, g, mixes with the shavings, and rises alor, g the

c,utside c,f the tube until it reaches the surface. H,-,wever, tlne

low lur,ar pressure wc,uld ir,star, tly vaporize the water: this was

the first design prc, bler,1.

While searchir, g fc,r ar, alterr, ative substar, ce, the extrer,le

temperature variatic, r,s must be kept ir, mind. As a s,-,lutior, tc,

this problem, two possibilities were ir,vest i gated. These were a

silicor, e based oil ar,d teflon beads. The beads were selected

because c,f the chance ,-,f vaporizatior, of the ,-,il. Teflor, has a

high r,laxir,lum operating ternperat,.Lre (500 degrees Falqrer, heit) ar,d

will r,ot gel at the Ic,w r,ighttirne ter,lperatures.

Because of the select it,r, c,f the teflc, r, beads, alternate

equipr,ler, t is required tc, har, dle the process. First, the pump rn,.Ist

be able to transfer solids, therefore a p r'c,gressir, g cavity pump

was chosen. Ar,,=,ther advar, tage of this pump is the cc,r,tir, uc,us

push ir,g act ior, which provides r,lir,ir,lurn pulsat ior,. Secc, r,d, a

pr,-,cess must be desigr, ed to er,able the reuse of the beads. To

sc, lve this prc, blern, ar, existing centrifugal cc,r,e filter was used.

This filter forces the beads to the outside of the tar, k while the

heavier shavir, gs dr,-,p tc, the grour, d.

The pumping cycle begins with the pump pushir, g the teflor,

beads dowr, the center of the string. Once reachir, g the bottor,1,

the beads move outward through openings in the drill bit. This

acti,-,r, pert#its the sweeping ,-,f the shavings out, up, ar,d away

frc, r,1 the drillir, g interface. As the mixture rises s,-, dc,es the

heat. This is because 80% of tlne heat generated by drillir, g

rer,lair,s ir, the chips. This cor, t ir,,.Lous process cools, clear, s, ar,d

lubricates the syster,1. Once the r,lixture reaches the surface, it

is piped through the filter where the heated shavir, gs ar'e

rerm:-,ved. The beads are passed onto the pump and the pr,:::,cedure
c,z,nt ihues.
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Cor, trol System: The c,::,r,tt_,_-,l system for the e,-,re clril] ur_it

cc,r_sists of two parts: elec-_trical arld hydraulic. The electt_ieal

system is used fc,t_ feedback si gr_al prc, eessi r_g, whi le the

hydraulic system is used tc, rm::,ve the actuat,z, rs. A descriptic, r_ c,f
each syster,1 fol ic,ws.

The heart of the ele_.._tr,:,r_ic c,-,r_tr,::,lsystem is a r_licrc,pt_c,ees -

sc,r (.I(P) ,:,r a prc, gt_ari1nlable log:i.c._ array (PLA). The ch,:,ic._e betweerm

thes_ twc, cc,r_tt_c,llers wc,uld deper, d _p,-,rl pr,-,ductic, r, quar_tities,

with the PLA beirlg rm:,re ecc, r.:mlical f,.-.,rlarge prod,._cti,_-,r_ rur, s.

Typical operatiorl of the electrical system ir_vc,lves pr'c,cessir, g c,f

feedback ir_forr_lati,:)r, from the lir, ear variable differergtial trar, s-

fc,rri1ers (LVDT) located or, each hydrauli(z cylir, der. These ser, sors

prc, vide p,-,sitior_ ar,d velo(_ity irlformatior_ so, that the c,:,r,tt_,:,llet-

may direct the drillir_g c,peratic, r, withc, ut the cc,rmlplexity c,f a

visiorl system. The l-_t_c,cess,.-,t_ wses the differer, ce betweer, the

kr.z.,wrl ,-,utput ar,d the feedback irlput to pt'c,vide accut_ate closed.-

loop cor, trol. Also taker, ir_t,-,accc, urlt is the tractc, t_ c,rier_tatic, r_

with respect to the vertical. Drill speed ar,d dit_ecti,::,r, c,f th

rc,tatiorl are c,_-,r,tY',-,lled with a similar closed-l,-,c,p feedback
des igrl.

The hydraulic system pr'ovides the ri1uscle ,-,f the cor'e drill

urlit. The d,-,uble act ir,g cy]ir, ders c,r, the ar'ms are cc,r_tt_c,l led by

Moog Model 642 3-way electrc, hydrai._lic servc, valves. These valves

allc, w precise corltr,:,l ,-,f the lir,ear actuat,",rs. The drill r_1ot,_-,t_

ar,d gripper are a].sc, cc,r,tr,:,lled by valves c,f this type. Pressure

reductic, r_ is accc, ri1p].ished with B_.G, Ltd. pressure reducti,-,r_ urlits.

Ccmlrnur, icatic, r,/cc,rrtr,::,lby astr,-,r,aut/,-,perat,:,rs is acc,_-,mplished

with a E'-way radio l ird<. Feedback c,f all system pat_anleters is

available to the astr'c, rlaut, ar,d c,;,r,tr,:,l pat_ametet_s are er_ter.ed a_._

directed by the system. Drillir_g, lubricatior_, arid bit-charlgir, g

are cor_trolled by system software, while breakout opet_ati,::,r,s are

rM1ar,ual due to their _ c,::,mplexity. The er_tire systenl c,:,uld be fully

aut,::,ri1ated with fut_ther desigrl time.
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COMPLETESYSTEMCOST ANALYSIS

I. ARMASSEMBLY

2. DRILLING ASSEMBLY

3. CORE RETRIEVAL SYSTEM

4. LUBRICATION SYSTEM

5. CONTROLSYSTEM

MATERIAL COST
DEVELOPMENTCOST

MATERIAL COST
DEVELOPMENTCOST

MATERIAL COST
DEVELOPMENTCOST

MATERIAL COST
DEVELOPMENTCOST

MATERIAL COST
DEVELOPMENTCOST

$20,650.00
$22,000.00

$20,659.00
$17,500.00

$2,069.00
$6,500.00

$5,145.00
$15,000.00

$44,505.00
$13,000.00

TOTAL COST $167,028.00

lJ



ARM COST ANALYSIS

QTY DESCRIPTION MATERIAL

COST

LABOR

HOURS

LABOR

COST

TOTAL

COST

I POST PIN $50.00

i TRACTOR MTG PLATE $180.00

i PIN CAP $40.00

i OUTRIGGER ASSY $IS0.00

2 SWING PLATE $100.00

1 GRIPPER $20.00

I BOOM ARM $400.00

i MIDDLE ARM $150.00

i DRILL ARM $80.00

1 RUX ARM # i $8@.@@

i AUX ARM # 2 $100.00

5 SWING PINS $20.00

2 5" BORE X 40" STROKE $2,000.0@

I 3" BORE X 40" STROKE $i,000.00

1 2" BORE X 20" STROKE $600.00

t 2" BORE X 12" STROKE $400.00

2 2" BORE X 10" STROKE $300.00

25.0

20.0

15 0

30.0

5 @

5.0

25 0

15.0

9 0

9.0

12 0

15.0

@ 0

0.0

0 0

0.0

0 0

$1,250.00

$i,000.00

$750.00

$1,500.00

$250.00

$250.00

$1,250.00

$750.00

$450.@0

$450.00

$600.00

$750.00

$0.00

$0.00

$0 00

$0 00

$0 00

$0 00

$0 00

$0 00

$0 00

$0 00

$0 00

$1,300.00

$1,180.00
$790.00

$i,650.00
$700.00

$270.00

$1,650.00

$90@.00

$530.00

$530.00

$700.00

$3,850.00

$4,000.00

$I,000.00

$600.00

$400.00

$600.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

TOTALS $5,670.00 185.0 $9,250.00 $20,G50.00

DEVELOPMENT COST

TOTAL ARM COST

$22,000.00

$42,650.00
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DRILLING ASSEMBLY COST ANALYSIS

QTY PART MATERIAL

DESCRIPTION COST

LABOR LABOR TOTAL

HOURS COST COST

i BREAK OUT TOOL

1 FOOT PLATE

i DISCHARGE SWIVEL

2 SWIVEL ATTACHMENT

i DRILL CASING

20 DRILL RODS

I CORE BARREL

I REAMING SHELL

I DIAMOND BIT

I BQ to NQ SUB

I DRILL HEAD

$9,750.00

$150.00

$425.00

$30.00

$47.00

$78.00

$1,265.00

$230.00

$435.00

$99.00

$7,500.00

0.0 $0.00 $9,750.00

8.0 $400.00 $550.00

2.0 $100.00 $525.00

3.0 $150.00 $180.00

0.0 $0.00 $47.00

0.0 $0.00 $78.00

0.0 $0.00 $1,265.00

0.0 $0.00 $230.00

0.0 $0.00 $435.00

0.0 $0.00 $99.00

0.0 $0.00 $7,500.00

TOTALS $20,009.00 13.0 $650.00 $20,659.00

DEVELOPMENT COST

TOTAL COST OF DRILLING ASSY

$17,500.00

$38,159.00



CORE RETRIEVER COST ANALYSIS

QTY PART MATERIAL
DESCRIPTION COST

LABOR
HOURS

LABOR
COST

TOTAL
COS]"

1 OVERSHOT $615.00
1 SWIVEL $443.00
1 STUFFING BOX $183.00
1 DERRICK $298.00
I STEEL CABLE $150.00
i WINCH $380.00

0.0
0.0
0.0
0.0
0.0
0.0

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$615.00
$443.00
$183.00
$298.00
$150.00
$380.00

$0.00
$0.00
$0.00
$0.00
$0.00

TOTALS $2,069.00 0.0 $0.00 $2,069.00

DEVELOPMENTCOST

TOTAL COST OF DRILLING ASSY

$6,500.00

$8,569.00



LUBRICATION SYSTEMCOST ANALYSIS

QTY PART MATERIAL
DESCRIPTION COST

LABOR LABOR TOTAL
HOURS COST COST

I PUMP $3,800.00
i PIPE $25.00
i PIPE $30.00
i CONEFILTER $369.00
i SILT POT $281.00
3 SWIVEL HOSES $130.00
i COUPLING $25.00

0.0
2.0
2.5
0.0
0.0
0.0
0.0

$0.00 $3,800.00
$100.00 $125.00
$125.00 $155.00

$0.00 $369.00
$0.00 $281.00
$0.00 $390.00
$0.00 $25.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00

TOTALS $4,660.00 4.5 $225.00 $5,145.00

DEVELOPMENTCOST

TOTAL COST OF DRILLING ASSY

$15,000.00

$20,145.00
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CONTROL SYSTEM COST ANALYSIS

QTY PART MATERIAL

DESCRIPTION COST

LABOR LABOR TOTAL

HOURS COST COST

7 MOOG MODEL 642 VALVES $430.00

1 B&G PRESSURE REDUCER 3PS $169.00

i B&G PRESSURE REDUCER 7PS $155.00

140 VICKERS HYD HOSE $12.00

64 CONNECTORS $2.10

7 LVDT SENSOR $30.00

6 QUICK DISCONNECT $25.00

3 ANGULAR SENSOR $24.00

i TRANSMITTER/RECEIVER $9,000.00

i COMPUTER CONTROLLER $16,000.00

i SOFTWARE $1,200.00

0.0 $0.00 $3,010.00

2.0 $100.00 $269.00

2.5 $125.00 $280.00

0.0 $0.00 $1,680.00
0.0 $0.00 $134.40

0.0 $0.00 $210.00

0.0 $0.00 $150.00

0.0 $0.00 $72.00

$0.00 $9,000.00

$0.00 $16,000.00

250.0 $12,500.00 $13,700.00

TOTALS $27,047.10 254.5 $12,725.00 $44,505.40

DEVELOPMENT COST

TOTAL COST OF DRILLING ASSY

$13,000.00

$57,505.40

/(0



HAZARD AND FAILURE ANALYSIS

The robot arm is to tie, for the nlost part, automatically

(__ontrc, l led. Thus, the astronai.Lts should not be required to exert

t her_Iselves excessively or danget_c, usly while c,perat ing it.

Hc,wever, the astrorlauts must take care tc, ensure that the arm is

cc°ntrolled properly.

The possibility does exist that the drill systern will

nlalfuncti,-,n. For example, the auxiliary arm ri1ay be ineffective

or inoperative, thereby forcirlg the astr°-,r_auts to do m,z,re mar, ual

lab,-,r. In additior_, the rilain arm cc,uld bend c,r break ,-,r become

severely c,ut of aligrmlerlt due to excessive stress c,r pc,or_

corltrol. Such a rilalfurlcti,-_n could cause hydraulic fluid tc, leak

or spew and could possibly irljure astrorlauts irl the viciriity.

Therefore, it is recori1mended that the astrc, rlauts operate the arm

by remote corltt_c,l fr,-,nl a safe distarlce. Drillir_g should be

stopped whenever it becc, ri1es necessary fc,r the astrc, r_auts to

closely inspect c,r work with the nlachine.

There are three ri_aj,:,t_ areas where failure carl c,ccur ir, tlne

drill string: hydraulic failure, Ic,ss of coolarlt down the hc, le

arid mechariical failure of some part of the dr-ill string. A loss

,-,f hydraulic pressure will result ir, decreased r,lotc,r speed arid a

ic,ss of coolarlt to the rilotor causing it to c,verheat. This,

hc,wever, is easily detected arld drillirlg can be st,-,pped befc, re

serious damage is dnrle tc, the equipment. A pressure alarm c,r

indicator gauge would decrease the likelihood c,f such arl accident.

A mechanical failure down hole could be very serious. A

brc, ken or badly wc,rr_ bit c,r rod would be very difficult armd time

cc,nsumir_g tc, repair. For sucln arl occasion, certain fishing tc,c,ls

such as a rod, shell, arld bit recovery taps should be included irl

the equipmerlt taken to the rm:,on.

The loss c,f lubricant down hole is a seric, us problem. It

bc,th cools the bit arld renlc,ves the chips gerlerated by drillirlg.

If tlne lubricarlt flow is restricted or cut c,ff, frictional heat

arld chips build up causing large mechanical and thermal stresses
iri the bit arid rods. This sort of failure could result irl the

loss c,f the bit, reamer shell, and core barrel.

The cc,re retrieval system is also, subject to failure. This

system can fail if the overshot will rlot lock c,nto the cc,re

barrel or if the cable snaps durir_g h,:,isting. If this ,-,ccurs

the overshot should be hoisted up and reiriserted, if this still

fail.s the string will have to be dismantled t,:, retrieve the core.

17



OPERATING INSTRUCTIONS

i. Site Preparation

a. Clear lose and broken rock.

b. Drill starter hole at desired angle, 2' X 3.5"dia.

c. Insert swivel sleeve irlto hole.

d. Set breakout tool angle arid pc,sit iorl ,:,vet- hc, le such.

that swivel attachnlent hc, les are in line.

e. Attach swivel.

f. Posit ion drill arm, rod rack, pumps, and derrick.

g. Attach Inydraulic lirles.

m String Preparation

a. Attach bit, reamer shell and core barrel.

b. Lift assembly with auxiliary arm and insert it intc,

the breakout tool.

c. Lower until one half foot of barrel rernains over

tool, then chuck the barrel.

d. Release auxiliary arnl.

3. Drilling

a. Lift arld posit ion drill rod.

b. Conrlect drill head to drill rod and drill rod

to sect iorl remair, irlg above the breakout toc, l.

c. Start lubrication flow.

d. Unchuck the rod.

e. Start drill ri1otor arld drill for the 5 foot stroke.

f. Stop drilling.

g. Chuck rod in place.

h. Stop lubrication flow.

i. Empty chip pot.

j. Detach drill head.

k. Move arm up.

t I-I

u Core Retrieval Procedure

a. Use auxiliary arm to position and insert the

overshot into the drill rod.

b. Lnwer the nvershot as far as possible. (If oversh,nt

lowers enough to lock onto cc,re barrel the

following steps are not necessary. )

c. Attach the swivel/stuffing box assembly to drill
rod.

d. Start pumping lubricant, until overshc, t locks onto
core barrel.

e. Stop purilping lubricant.

f. Detach swivel/stuffing box assembly.

g. Hoist core up and out of the drill string.

h. Grasp core barrel with auxiliary arm.

i. Disconrlect overshot from core barrel.

j. Raise overshot and swivel/stuffing bc,x assenbly out

of the way.



5

m

k. Renlove cc,re frc, ri_core barrei ar,d place it ir,t o core

b o ×.

I. Returr, core barrel to drill strirlg arid lower it.

(or cor_tir, ue with Step 6)

Repeat steps 3 arid 4 ur,til

c,btained.

desir'ed dri 1 1 ir_g depth is

Dri 1 i Strir_g Dissembly
a. Corlrlect drill head to drill rod.

b. Ur,chuck dril I rod.

c. Raise the strir, g five feet. (First rod or, ly raise 2

feet )

d. Use foot clamp to hold drill rod.

e. Use break out tool to break out drill rods.

f. Ur_clamp drili rod.

g. Lift stririg five more feet.

h. Clamp drill rod.

i. Discor, rlect top drill rod usir_g auxiliary arrn.

j. Returr_ rod tc, the rack.

k. Cor, r,ect drill head to tc,p drill rod.

i. Repeat steps 6e. thruogh 6h. ur_til all drill rods

are removed.

m. Remove core barrel, reamer shell, arnd bit from last

tube.

r_. Reverse steps la. thrc, ugh Ig. tc, dissemble site

eq u i pmermt.

I¢



CONCLUSIONS AND RECOMMENDATIONS

The proposed lunar core design oz,r'ta ir's several

interest ir.g ir.novat ic0r,s and deserves further st udy. In

particular the three areas that require the most atter'tic, r_ are:

i) arnl desigr', 2) Teflon bead lubricatic, r', and 3)autc, rnatic, n.

Arm Desiqr"

Having a robc, tic arm similiar to a backhoe it. the design c,f

the lunar co,re drill is very ir'terestir'g arld certainly practical

ir" the ser'se that the arnl car" be used both for core drilling arid

fc,r lur.ar excavatic, r'. Hc,wever, the hydraulic fc,rces required tc,

c,perate such a dual purpc, se arm are extremely high and border or,

impracticality. Pc,ssible kir'ematic inlprovenler, ts on the design of

the arm r'eed to studied extensively.

Teflon Beads

Using Teflc, n beads fc,r lubrication, coolir_g, arid chip rernc,val

is an extrenlely promisir'g idea, but also untested.

Experimer'tat ion is necessary to properly evaluate the

effectiver'ess of the beads. In additic, r', further cc,r'sideratior"

needs to be giver, to the possible drawbacks of the Teflon beads;

r'arnely: I) Unwanted smearir'g of the hole with a thin Teflc, r" filnl,

2) difficulty in efficiently separating the beads frorN the chips,

3) difficulty ir" rerm:,vir'g the beads fror_1 the hole once drilling

is complete, arid 4) severe scarcity and prohibitive cc,st of

Teflon beads in the size and quantity desired.

Aut ornat imr"

Further study needs tc, be dc,r'e tc, create nlc,re reliable

automatic control systems for the core drill. Ir" particular, a

good deal more work should be dor'e c,r" controls that are very

sensitive to changes in the down hole situatior', i.e., changes in

lubricant purtlping pressure, changes ir" vibratior" of the drill, ar'd

cllar'ges in the rate of penetration.
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C,:,ri1puter Usage

Cc,r,lpi.Lter usage was veiny nlir_inlal irl our desigr_. The area ir_ which

it could have helped us the most was irl the desigrt of the arri1.

The use of a CADD syster11 w,-Juld have cut desigr_ time arid allowed

For a more nlear_ir_gful c,ptinlizatior_ process. HP-41CV's were used

ir_ determir_irlg weld sizes arld doir_g stress ar_alysis ,:°r_ some

members.



DRAWINGS



PARTSLIST

ITEMDRAWING
NUMBER

DESCRIPTION MFGR PART WEIGHT QUANTITY

# LBF

1

2

3

4

S

G

7

8

9

10

ii

12

13

14

IS

iG

17

18

19

20

,i

1

2

3

4

S
6

"7

8

9

10

11

i

2

3

4

5

G

- ARM ASSEMBLY ....

101 TRACTOR MOUNTING PLATE - - STe 1

102 POST PIN - - 250 I

103 PIN CAP - - 10 1

104 OUTRIGGER ASSY - - 213 2

105 SWING PLATE - - 50 2

lOG GRIPPER - - 10 1

107 BOOM ARM - - 850 i

108 MIDDLE ARM - - 360 1

109 DRILL ARM - - 110 1

110 AUX ARM #i - - 60 I

111 AUX ARM #2 - - 72 I

112 SWING PIN - - 8 I

113 SWING PIN - - 8 i

114 SWING PIN - - 7 1

115 SWING PIN - - 7 i

116 SWING PIN - - 7 i

i17 5" BORE X 40" STROKE ENERGY CRT-500 200 2

118 3" BORE X 40" STROKE ENERGY CRT-300 100 1

119 2" BORE X 2@" STROKE ENERGY CRT-200 65 1
120 2" BORE X 12" STROKE ENERGY CRT-200 50 1

121 2" BORE X 18" STROKE ENERGY CRT-2@@ 43 2

200 DRILLING ASSY - - -

- PRETORQUE & BREAKOUT TOOLLONGYEAR 41600 750

201 FOOT PLATE - - 232

- SIDE FEED DISCHARGE SWIVE ACKER 21060-5 30

202 SWIVEL ATTACHMENT - - 1
- NQ DRILL CASING 2' LONGYEAR 26368 17.4

- NQ DRILL RODS S' LONGYEAR 24916 26

- PUMP-IN TYPE A WL CORE ACKER 10058-1 98

- REAMING SHELL LONGYEAR 6NQPUG/ 7

- SERIES 6 RED IMPREG BIT LONGYEAR 1NQHUF/ 11

- BQ TO NQ SUB LONGYEAR 25730 S

- HYDRACORE 28 DRILL HEAD LONGYEAR - 218
- I/2-20UNF BOLT 1.25 LONG - - -

- I/2-20UNF NUTS - - -

- I/4-28UNF 1.0 LONG BOLTS - - -

300 CORE RETRIEVAL ASSY -

- PUMP IN OVERSHOT ACKER

- SIDE FEED H20 SWIVEL ACKER

- WIRELINE STUFFING BOX MATHEY

- ALUM. TRIPOD OERRICK ACKER

- 3/16" HOIST CABLE ACKER

- PLANETARY HYOR. WICH

10123 22

21060-4 18

STUFF B 12

25505-2 90

21035-6 62

174PULL MASTPL2-12-

400 LUBRICATION SYSTEM ASSY - -

401 PROGRESSING CAVITY PUMP ROPER 71202

402 TANK/PUMP CONNECTING PIPE - -

403 FILTER CONE/TANK PIPE - 13

- 4" FILTER CONE ASSY COOPER 2570-22

- SILT POT ASSY COOPER 8892

210

162

1

50

50

1

1

I

2

i

2@

i

1

1

I

1

10

6

4

1

I

I

100'

i

i

i

I

I

_o

OF POOR (_XJALR_Y



PARTS LIST

ITEM DRAWING

NUMBER

DESCRIPTION MFGR PART WEIGHT QUANTITY

# LBF

6

m

1.2S NPT H20 SWIVEL. HOSE LONGYEAR 18912

WATER SWIVEL COUPLING LONGYEAR 18910

3/4-1GUNF 80LTS - -

3/4-1GUNF NUTS - -

S/8-1GUNF 80LT - -

S/8-1GUNF NUTS - -

TRIFLON MICRO-8EAOS CLIFTON -

18 3

3.S 1

- 8

- 8

- 8

- 8

1790 LOTS

$00 CONTROL SYSTEM DIAGRAM

$01 ARM #I HYDRAULIC CIRCUIT

$02 ARM _2 HYDRAULIC CIRCUIT

$03 ORILLING CONTROLS - m

7107.9
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ALTERNATIVE DESIGNS

Despite all attempts, the design of the lunar core drill

presented in this report may not represent the best solutior_

pc,ssible. The following alternative designs are or_es which were

not evaluated extensively but may actually have contributed tc, a
better overall solution.

Design of Arm

Ar, alternative method for designing the arnl wc,uld have been

tc, simply use a Lc,r,gyear Hydra Core 28 core drilling unit, rm:,unt

it rigidly to a platf,z, rm, and attack the platform tc, the tractc, r

swivel. In this case, the platfc, rr,1 or 'arm 'wc, uld only have tc,

pivc, t ir, a horizc, r,tal plane and would not be required to, fc,rr,1

angles in a vertical plar, e. The Hydra Cc,r'e 28, itself, would be

capable c,f rnakir, g the required 0 to 90 degree angles with respect

tc, vertical and would supply its owr, downward hydraulic drillir, g

force. Such a design wc,uld be sir,lple CCmlpared tc, the ' backhc, e'

arm design ar,d would require Much lower hydraulic fc,rces. Such

a design, however, would not be able to functior, both as a core

drill and a lunar excavator. At any rate, the design does seenl

promising.

Desigr, of Lubricatior, System

As r,ler,t ior, ed before, several ideas were cc,r,sider'ed and cc,uld

be used as a future alterr, ative design. Instead of using Teflorm

beads, a silicon-based oil r,light be substituted. The oil has a

high maxir_lur,1 operating ter_iperature and cor, sister, t viscosity at a

variety of ter,lperatures. Hc,wever, the pc,ssibility of flashing

would require a completely closed system which is difficult tc,

design. Also, oil would leave a messy filr,l c,n the sides c,f the

hc, le that would restrict the use of a borescope. Or, the c,ther

hand, a cor_verLtional pump could be used and a less cc,rnplicated

filtering system could be designed. Whichever prc, cess is chosen,

it must undergo r,luch testing befc, re its operation begir, s.

Another solution to this problem is to have no lubricar, t at

all. Ir, such a case, a dry hc, le would be drilled and augers c,r,

the end c,f the drill string would be used to collect the chips.

Such a design has beer, experinler_ted with before but has never.

worked flawlessly. The design is attractive, however, due to the

fact that it requires no pump, no strainer system, and r,o evapc,-
rative or fluid Ic,ss cor, sideratic, r,s.
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ME 4182 LECTURE SERIES
2:00 - 3:00 SKILES 168

January 28

Feburary 4

February Ii

February 18

February 25

March 4

March 11

PRODUCT LIABILITY
Jenni fret" Fletcher

Griffin, Cochrane & Marshall

_TERIALS FOR SPACE APPLICATIONS

Roy Mead
Lockheed-Georgia Company

ETHICS IN ENGINEERING DESIGN
Dr. Kezios
Georgia Tech

"ENGINEERS: TURNING IDEAS INTO REALITY"
National Engineers Week Speaker

U.S. PATENT SYSTEM
Todd Deveau

Newton, Hopkins & ormsby

HUMAN FACTORS; THE MAN-MACHINE INTERFACE
Gary Kelly
Veterans Administration Medical Center

(TO BE ANNOUNCED)
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